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A method includes performing a first iteration of automated
frequency coordination (AFC) using geospatial coordinates
of a first access point at a site and a first margin of error to
determine a first number of allowed channels for the first
access point and performing a second 1teration of AFC using
the geospatial coordinates of the first access point and a
second margin of error to determine a second number of
allowed channels for the first access point. The first margin
of error 1s lower than the second margin of error. The method
also includes, 1n response to determiming that a difference
between the first number and the second number meets a
threshold, instructing a second access point at the site to
perform AFC using the second margin of error rather than
the first margin of error.
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ITERATIVE AUTOMATED FREQUENCY
COORDINATION

TECHNICAL FIELD

Embodiments presented 1n this disclosure generally relate
to automated frequency coordination (AFC). More specifi-
cally, embodiments disclosed herein relate to an iterative

AFC process for distributed access points that provide
network coverage for an environment.

BACKGROUND

Certain network implementations deploy multiple access
points across an environment so that the access points
provide network coverage for different portions of the
environment. For example, the access points may be
deployed 1n different tloors of a building or different parts of
a large auditorium or conference space. The access points
may be required to perform AFC using geospatial coordi-
nates and heights of the access points to determine the
number of channels and the power budgets that the access
points may use without interfering too much with other
access points 1n the vicinity (e.g., other, existing network
deployments). It may be diflicult, however, to determine the
geospatial coordinates and heights of every access point 1n
the network (e.g., access points installed on tall ceilings or
access points that are hidden from view).

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above-recited features of
the present disclosure can be understood in detail, a more
particular description of the disclosure, briefly summarized
above, may be had by reference to embodiments, some of
which are 1llustrated in the appended drawings. It 1s to be
noted, however, that the appended drawings illustrate typical
embodiments and are therefore not to be considered limit-
ing; other equally eflective embodiments are contemplated.

FIG. 1A illustrates an example system.

FIG. 1B illustrates an example access point controller in
the system of FIG. 1A.

FIG. 2 1s a flowchart of an example method performed in
the system of FIG. 1A.

FIG. 3 1s a flowchart of an example method performed in
the system of FIG. 1A.

To facilitate understanding, identical reference numerals
have been used, where possible, to designate identical
clements that are common to the figures. It 1s contemplated
that elements disclosed 1n one embodiment may be benefi-
cially used 1n other embodiments without specific recitation.

DESCRIPTION OF EXAMPLE EMBODIMENTS

Overview

According to an embodiment, a method includes perform-
ing a first iteration of automated frequency coordination
(AFC) using geospatial coordinates of a first access point at
a site and a first margin of error to determine a first number
of allowed channels for the first access point and performing
a second 1teration ol AFC using the geospatial coordinates of
the first access poimnt and a second margin of error to
determine a second number of allowed channels for the first
access point. The first margin of error i1s lower than the
second margin of error. The method also includes, 1n
response to determining that a difference between the first
number and the second number meets a threshold, instruct-
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2

ing a second access point at the site to perform AFC using
the second margin of error rather than the first margin of

error. Other embodiments include an apparatus that per-
forms this method.

According to another embodiment, a method includes
performing a first iteration of AFC using a first margin of
error to determine a first number of allowed channels for a
first access point and performing a second iteration of AFC
using a second margin of error to determine a second
number of allowed channels for the first access point. The
method also includes, 1in response to determiming that a
difference between the first number and the second number
meets a threshold, instructing a second access point to
perform AFC using the second margin of error rather than
the first margin of error. Other embodiments include an
apparatus that performs this method.

EXAMPLE

EMBODIMENTS

This disclosure describes an access point controller that
coordinates an AFC process for several access points
deployed across an environment. The access point controller
performs an 1iterative AFC process using the geospatial
coordinates and height of one of the access points in the
network (e.g., an access point near a boundary of the
environment). The access point controller adjusts a margin
of error for the geospatial coordinates and/or the height
during each 1teration. The access point controller analyzes
the results of each iteration to determine an acceptable
margin of error. For example, the access point controller
may determine how the AFC results change as the margin of
error 1s adjusted. IT a difference between the AFC results
does not exceed a threshold with adjustments in the margin
of error, then the access point controller may use the larger
or largest of the margins of error to perform AFC for the
other access points in the network. The increased margin of
error allows AFC to be performed even when the geospatial
coordinates and/or heights of the other access points are
approximated or not accurately known. Stated differently,
the access point controller determines a margin of error that
can be used m AFC without changing the AFC results
beyond a threshold.

FIG. 1A illustrates an example system 100. As seen 1n
FIG. 1A, the system 100 includes a device 104, one or more
access points 106, an access point controller 108, and an
AFC server 110. The device 104 connects to one or more
access points 106 to gain access to a network. The access
point controller 108 administers the access points 106.
Specifically, the access point controller 108 orchestrates an
AFC process for the access points 106 with the AFC server
110. In particular embodiments, the access point controller
108 determines a suitable margin of error for an AFC
process so that the AFC process may be performed for an
access pomnt 106 even though the geospatial coordinates
and/or heights of the access point 106 are not accurately
known.

A user 102 uses the device 104 to connect to one or more
access points 106. The device 104 1s any suitable device for
communicating with components of the system 100. As an
example and not by way of limitation, the device 104 may
be a computer, a laptop, a wireless or cellular telephone, an
clectronic notebook, a personal digital assistant, a tablet, or
any other device capable of recerving, processing, storing, or
communicating information with other components of the
system 100. The device 104 may be a wearable device such
as a virtual reality or augmented reality headset, a smart
watch, or smart glasses. The device 104 may also include a
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user interface, such as a display, a microphone, keypad, or
other appropriate terminal equipment usable by the user 102.
The device 104 may include a hardware processor, memory,
or circuitry configured to perform any of the functions or
actions of the device 104 described herein. For example, a
soltware application designed using soitware code may be
stored 1n the memory and executed by the processor to
perform the functions of the device 104.

The access points 106 are deployed at different locations
across a space or area to provide network coverage for the
space or area. Each access point 106 provides network
coverage for a portion of the space or area. For example, the
access points 106 may be distributed across different floors
ol a building with each access point 106 providing network
coverage for a portion of a floor of the building. As another
example, the access points 106 may be distributed across a
large auditorium or conference space with each access point
106 providing network coverage for a portion of the audi-
tortum or coniference space. The system 100 may include
any suitable number of access points 106. As seen 1 FIG.
1A, the system 100 1includes access points 106 A, 1068, and
106C. Each of the access points 106 include a processor 112
and a memory 114, which are configured to perform any of
the actions or functions of the access point 106 described
herein.

The processor 112 1s any electronic circuitry, including,
but not limited to one or a combination of microprocessors,
microcontrollers, application specific integrated -circuits
(ASIC), application specific 1nstruction set processor
(ASIP), and/or state machines, that communicatively
couples to memory 114 and controls the operation of the
access point 106. The processor 112 may be 8-bit, 16-bat,
32-bit, 64-bit or of any other suitable architecture. The
processor 112 may include an arithmetic logic unit (ALU)
for performing arithmetic and logic operations, processor
registers that supply operands to the ALU and store the
results of ALU operations, and a control unit that fetches
instructions from memory and executes them by directing
the coordinated operations of the ALU, registers and other
components. The processor 112 may include other hardware
that operates software to control and process information.
The processor 112 executes solftware stored on the memory
114 to perform any of the functions described herein. The
processor 112 controls the operation and administration of
the access point 106 by processing information (e.g., mnfor-
mation received from the devices 104, access point control-
ler 108, and memory 114). The processor 112 1s not limited
to a single processing device and may encompass multiple
processing devices.

The memory 114 may store, either permanently or tem-
porarily, data, operational soitware, or other information for
the processor 112. The memory 114 may include any one or
a combination of volatile or non-volatile local or remote
devices suitable for storing information. For example, the
memory 114 may include random access memory (RAM),
read only memory (ROM), magnetic storage devices, optical
storage devices, or any other suitable information storage
device or a combination of these devices. The software
represents any suitable set of instructions, logic, or code
embodied 1 a computer-readable storage medium. For
example, the software may be embodied 1n the memory 114,
a disk, a CD, or a flash drive. In particular embodiments, the
solftware may include an application executable by the
processor 112 to perform one or more of the functions
described herein.

The access points 106 may need to perform an AFC
process with the AFC server 110 to determine certain
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communication characteristics that minimize or reduce
interference with incumbent networks and their equipment.
For example, as a result of the AFC process, the access
points 106 may be 1nstructed as to the number of channels
and/or power budget that the access points 106 are allowed
to use when communicating with other components of the
system 100. The access points 106 may then communicate
according to these communication characteristics. To per-
form the AFC process, certain values (e.g., the geospatial
coordinates and the height of an access point 106) are
provided to the AFC server 110. When the network deploy-
ment 1includes several access points 106 distributed across a
large space or area, however, 1t may not be possible to
accurately determine the geospatial coordinates and the
heights of every access point 106. As a result, the AFC
process for the access points 106 may not be performed or
may not be performed using accurate information, which
negatively impacts the communication characteristics pro-
vided to the access points 106. In some instances, a margin
of error for the geospatial coordinates or the height 1s also
provided to the AFC server 110 to indicate a level of
uncertainty in the provided geospatial coordinates or height.
The AFC server 110 accounts for this margin of error when
determining the communication characteristics.

The access point controller 108 performs an iterative AFC
process to determine a suitable margin of error. The access
point controller 108 then applies that margin of error to the
AFC processes for the access points 106 in the system 100.
As a result of using this margin of error, the AFC process
may be performed for the access points 106 1n the system
100 even though the geospatial coordinates and/or heights of
the access points 106 are not accurately known. As seen in
FIG. 1A, the access point controller 108 includes a processor
116 and a memory 118, which are configured to perform any
of the actions or functions of the access point controller 108
described herein.

The processor 116 1s any electronic circuitry, including,
but not limited to one or a combination of microprocessors,
microcontrollers, application specific integrated circuits
(ASIC), application specific instruction set processor
(ASIP), and/or state machines, that commumnicatively
couples to memory 118 and controls the operation of the
access point controller 108. The processor 116 may be 8-biut,
16-bit, 32-bit, 64-bit or of any other suitable architecture.
The processor 116 may include an anthmetic logic unit
(ALU) for performing arithmetic and logic operations, pro-
cessor registers that supply operands to the ALU and store
the results of ALU operations, and a control unit that fetches
instructions from memory and executes them by directing
the coordinated operations of the ALU, registers and other
components. The processor 116 may include other hardware
that operates software to control and process information.
The processor 116 executes software stored on the memory
118 to perform any of the functions described herein. The
processor 116 controls the operation and administration of
the access point controller 108 by processing information
(e.g., mformation received from the devices 104, access
points 106, and memory 118). The processor 116 1s not
limited to a single processing device and may encompass
multiple processing devices.

The memory 118 may store, either permanently or tem-
porarily, data, operational soitware, or other information for
the processor 116. The memory 118 may include any one or
a combination of volatile or non-volatile local or remote
devices suitable for storing information. For example, the
memory 118 may include random access memory (RAM),
read only memory (ROM), magnetic storage devices, optical
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storage devices, or any other suitable information storage
device or a combination of these devices. The software
represents any suitable set of instructions, logic, or code
embodied 1n a computer-readable storage medium. For
example, the software may be embodied 1n the memory 118,
a disk, a CD, or a flash drive. In particular embodiments, the
solftware may include an application executable by the
processor 116 to perform one or more of the functions
described herein.

The AFC server 110 performs AFC processes for the
access points 106 in the system 100. The access point
controller 108 provides the AFC server 110 with the geo-
spatial coordinates and/or heights of an access point 106.
The access point controller 108 also provides a margin of
error to the AFC server 110. The AFC server 110 uses this
information to determine incumbent networks and their
equipment that may be aflected by the transmissions of the
access point 106. The AFC server 110 then determines
certain communication characteristics for the access point
106 (e.g., the number of channels and a power budget) that
would reduce or minimize the interference caused by the
access point 106 to the incumbent networks or their equip-
ment. The AFC server 110 communicates these communi-
cation characteristics to the access point controller 108
and/or the access point 106. The access point 106 may then
communicate according to these characteristics to reduce or
mimmize nterference with imncumbent networks and their
equipment, 1n certain embodiments. As seen in FIG. 1A, the
AFC server 110 includes a processor 120 and a memory 122,
which are configured to perform any of the actions or
tfunctions of the AFC server 110 described herein.

The processor 120 1s any electronic circuitry, including,
but not limited to one or a combination of microprocessors,
microcontrollers, application specific integrated circuits
(ASIC), application specific 1nstruction set processor
(ASIP), and/or state machines, that communicatively
couples to memory 122 and controls the operation of the
AFC server 110. The processor 120 may be 8-bit, 16-bit,
32-bit, 64-bit or of any other suitable architecture. The
processor 120 may include an arnthmetic logic unit (ALU)
for performing arithmetic and logic operations, processor
registers that supply operands to the ALU and store the
results of ALU operations, and a control unit that fetches
instructions from memory and executes them by directing
the coordinated operations of the ALU, registers and other
components. The processor 120 may include other hardware
that operates software to control and process information.
The processor 120 executes software stored on the memory
122 to perform any of the functions described herein. The
processor 120 controls the operation and administration of
the AFC server 110 by processing information (e.g., mnfor-
mation received from the access point controller 108, access
points 106, and memory 122). The processor 120 1s not
limited to a single processing device and may encompass
multiple processing devices.

The memory 122 may store, either permanently or tem-
porarily, data, operational software, or other information for
the processor 120. The memory 122 may include any one or
a combination of volatile or non-volatile local or remote
devices suitable for storing information. For example, the
memory 122 may include random access memory (RAM),
read only memory (ROM), magnetic storage devices, optical
storage devices, or any other suitable information storage
device or a combination of these devices. The software
represents any suitable set of instructions, logic, or code
embodied 1n a computer-readable storage medium. For
example, the software may be embodied 1n the memory 122,
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6

a disk, a CD, or a flash drive. In particular embodiments, the
solftware may include an application executable by the
processor 120 to perform one or more of the functions
described herein.

FIG. 1B 1llustrates an example access point controller 108
in the system 100 of FIG. 1. Generally, the access point
controller 108 performs an iterative AFC process to deter-
mine a suitable margin of error. In particular embodiments,
the access point controller 108 uses the margin of error to
perform AFC processes for the access points 106 in the
system 100, even when the geospatial coordinates and/or
heights of the access points 106 are not accurately known.

The access point controller 108 performs a {first iteration
of an AFC process for a base access point 1n the system 100.
In certain embodiments, the base access point 1s an access
point 106 near a boundary of the network deployment in the
system 100. For example, the base access point may be
installed near the border of a building, auditorium, or
conference space. Because the access point 106 near the
border of the deployment 1s likely the closest to an 1ncum-
bent network and 1ts equipment, transmissions from the
access point 106 near the border are likely to aflect the
incumbent network and 1ts equipment the most relative to
the other access points 106 1n the system 100. Thus, per-
forming AFC for the access point 106 near the border is
likely to yield the most restrictive results and to see the
largest changes 1n the AFC results relative to changes in the
margin of error. Thus, 1f a suitable margin of error 1s found
by performing AFC for the access point 106 near the border,
then 1t 1s likely that this margin of error can be safely used
by the other access points 106 1n the system 100. In the
example of FIG. 1A, the access point 106 A may be the base
access point. The access point controller 108 uses the
geospatial coordinates 124 and the height 126 for the base
access point 106A to perform the AFC process. The geo-
spatial coordinates 124 and/or the height 126 for the base
access point 106 A may be measured by a user 102. For
example, the user 102 may place the device 104 near the
base access point 106 A and use an application on the device
104 to determine the geospatial coordinates of the device
104. The user 102 then uses these geospatial coordinates as
the geospatial coordinates 124 of the base access point
106 A. As another example, the user 102 may use a measur-
ing tape to determine the height 126 of the base access point
106 A. The access point controller 108 also provides a
margin ol error 128A representing a level of uncertainty in
the geospatial coordinates 124 and/or the height 126. The
user 102 may preset the mnitial margin of error 128 A 1n the
access point controller 108. Additionally or alternatively, the
initial margin of error 128 A may be determined from pre-
vious 1terations of AFC for the base access point 106A.

By performing the first iteration of the AFC process, the
access point controller 108 receives a number of channels
130A and a power budget 132A that the base access point
106 A may use to reduce or minimize interference with
incumbent networks and their equipment 1n the vicinity of
the base access point 106 A. The number of channels 130A
indicates the number of communication channels that the
base access point 106 A 1s allowed to use to communicate
with the devices 104 and/or other access points 106. The
power budget 132A indicates a maximum transmission
power that the base access pomnt 106A 1s allowed to use
when communicating with the devices 104 and/or other
access points 106.

The access point controller 108 performs a second 1tera-
tion of the AFC process for the base access point 106 A using
an adjusted margin of error 128B. The access point control-
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ler 108 again uses the geospatial coordinates 124 and the
height 126 of the base access point 106 A. The margin of
error 128B may be larger or smaller than the margin of error
128A. By performing the second iteration of the AFC
process, the access point controller 108 determines whether
the results of the AFC process change significantly when the
margin of error 128 1s adjusted higher or lower. The access
point controller 108 receives the results of the second
iteration of the AFC process, which include a number of
channels 130B and a power budget 132B. Similar to the
number of channels 130A, the number of channels 130B
indicates the number of channels that the base access point
106 A 15 allowed to use to communicate with the devices 104
and/or other access points 106. Sumilar to the power budget
132A, the power budget 132B indicates a maximum trans-
mission power that the base access point 106 A 1s allowed to
use to communicate with the device 104 and/or other access
points 106.

The access poimnt 108 then calculates a diflerence 134
between the number of channels 130 and/or the power
budgets 132 between the different iterations of the AFC
process. For example, the diflerence 134 may be a difference
in the number of channels 130 that the base access point
106A 1s allowed to use (e.g., the difference between number
of channels 130A and the number of channels 130B). As
another example, the difference 134 may be a diflerence 1n
the transmission powers that the base access point 106A 1s
allowed to use (e.g., the difference between the power
budget 132A and the power budget 132B).

The access point controller 108 compares the difference
134 with a threshold 136 to determine whether the difference
134 1s sigmificant. For example, 1f the difference 134 exceeds
the threshold 136, then the access point 108 may determine
that the results of the AFC process changed mgmﬁcantly and
that the smaller margin of error 128 between the margin of
error 128 A and the margin of error 128B should be used for
the AFC processes of the other access points 106 in the
system 100. If the difference 134 meets or 1s below the
threshold 136, then the access point controller 108 deter-
mines that the difference 134 1s not too large and that the
larger margin of error 128 between the margin of error 128A
and the margin of error 128B should be used for the AFC
processes of the other access points 106 1n the system 100.
The larger margin of error 128 will allow for a greater level
of 1naccuracy 1n the geospatial coordinates and/or heights of
the other access points 106 when performing AFC for the
other access points 106, which may even allow for the
geospatial coordinates and/or heights of the other access
points 106 to be approximated rather than accurately mea-
sured.

In the example of FIG. 1B, the access point controller 108
determines that the margin of error 128A should be used for
the AFC processes of the other access points 106 1n the
system 100. For example, the margin of error 128B may
have been larger than the margin of error 128A, but the
difference 134 may have exceeded the threshold 136. In
response, the access point controller 108 selects the smaller
margin ol error 128A. As another example, the margin of
error 128B may have been smaller than the margin of error
128A, and the difference 134 may have met or fallen below
the threshold 136. In response, the access point controller
108 seclects the larger margin of error 128A. The access point
controller 108 then 1mitiates AFC processes for the other
access points 106 1n the system 100 using the margin of error
128A to mitiate these AFC processes. As a result, the access
point controller 108 determines a suitable margin of error
128 that 1s used for the AFC processes of other access points
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106 when the geospatial coordinates 124 and/or the heights
126 of these access points 106 1s not accurately known.

The access point controller 108 may perform any suitable
number of iterations of the AFC process for the base access
point 106 A to determine the suitable margin of error 128 for
the system 100. Using the example of FIG. 1B, 1f the access
point controller 108 determines that the difference 134
exceeds the threshold 136, then the access point controller
108 may determine that the difference 134 1s too large. In
response, the access point controller 108 performs a third
iteration of the AFC process using the geospatial coordinates
124 and the height 126 of the base access point 106A and
another margin of error 128 that 1s smaller than the margin
of error 128B and larger than the margin of error 128A. The
access point controller 108 then determines another difler-
ence based on comparing the results of the first or the second
iterations of the AFC process with the results of the third
iteration of the AFC process. The access point controller 108
then compares the new difference with the threshold 136 to
determine 1f the reduced margin of error reduced the new
difference below the threshold 136. For example, the new
iteration of the AFC process may return a new number of
channels 1n a new power budget. The access point controller
108 compares the new number of channels and the new
power budget with the number of channels 130A and the
power budget 132A to determine a new difference. The
access point controller 108 then compares the new difler-
ence with the threshold 136 to determine 1f the reduced
margin of error reduced the new difference below the
threshold 136. If the new difference 1s below the threshold
136, then the access point controller 108 determines that the
new margin of error should be used for the AFC processes
of other access points 106.

In some embodiments, the access point controller 108
determines the threshold 136 based on information about the
access points 106 1n the system 100. For example, the access
point controller 108 may determine the threshold 136 based
on a floor map indicating the locations of the access points
106 1n the network deployment. Based on distances between
the access points 106, the access point controller 108 deter-
mines what magnitude of change 1n the number of channels
130 and/or the power budget 132 would be significant for the
access points 106 in the system 100. For example, if the
access points 106 are deployed closer together, then the
access point controller 108 may determine that the threshold
136 should be larger to accommodate larger changes 1n the
number of channels 130 and/or the power budget 132. If the
floor map indicates that the access points 106 are spaced
further apart, then the access point controller 108 may
determine a smaller threshold 136 to accommodate smaller
changes in the number of channels 130 and/or the power
budget 132, so as to not lose network coverage in certain
areas serviced by the access points 106.

In some embodiments, the access point controller 108
allows a user 102 to override the determinations of the
access point controller 108. For example, the access point
controller 108 may allow or 1nstruct a user 102 to manually
supply a margin of error to be used for the AFC process for
a particular access pomnt 106. If the user 102 supplies a
margin of error to be used for the access point 106, then the
access point controller 108 uses the manually supplied
margin of error when initiating the AFC process for that
access point 106.

In certain embodiments, the access point controller 108
also determines a transmission power to be provided across
the different 1terations of the AFC process for the base access
point 106A. The access point controller 108 first determines
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a standard power capability for the base access point 106 A
based on standard power levels approved under various
regulatory domains (e.g., the United States or the South
Korea regulatory domains). The access point controller 108
then determines overlaps 1n the transmit region of the base
access point 106 A with the transmit regions of other access
points 106 1n the system 100 using the different standard
power levels specified under the different regulatory
domains. The access point controller 108 then determines a
transmit power for the base access point 106 A based on the
overlaps 1n the transmit regions. For example, the access
point controller 108 may lower the transmit power of the
base access point 106 A based on the number of access points
106 whose transmit regions overlap with the transmit region
of the base access point 106 A, the bandwidth of these access
points 106, and/or the power spectrum density of these
access points 106. The access point controller 108 may
determine a lower transmit power for the base access point
106 A to reduce the chances that the base access point 106 A
interferes with the other access points 106. The access point
controller 108 then supplies the transmit power to initiate the
different 1terations of the AFC process.

In some embodiments, the access point controller 108
iitiates AFC processes for other access points 106 1n the
system 100 using the geospatial coordinates 124 and the
height 126 of the base access point 106A 1n addition to the
margin of error 128 determined through the different itera-
tions of the AFC process for the base access point 106. For
example, the access point controller 108 may determine that
another access pomnt 1068 1n the system 100 1s installed
close to the base access point 106A such that application of
the margin of error to the geospatial coordinates 124 of the
base access point 106 A would encompass the location of the
other access point 106B. In response, the access point
controller 108 mitiates the AFC process for the other access
point 106B using the geospatial coordinates 124 of the base
access point 106A along with the margin of error. In this
manner, the access point controller 108 1nitiates the AFC
process for other access point 106B using the geospatial
coordinates 124 of the base access point 106 A as a proxy for
the location of the other access point 1066.

FIG. 2 1s a flowchart of an example method 200 per-
formed 1n the system 100 of FIG. 1A. In particular embodi-
ments, the access point controller 108 performs the method
200 to determine a transmission power to be used when
initiating an iteration of the AFC process for a base access
point 106A.

The access point controller 108 begins by determining a
standard power level 202 for the base access point 106 A 1n
block 202. The access point controller 108 may determine
the standard power level based on requirements set by
different government regulatory domains (e.g., the United
States regulatory domain or the South Korean regulatory
domain). In block 204, the access point controller 108
determines transmission region overlaps using the deter-
mined standard power level. For example, the access point
controller 108 may determine that the transmit region of the
base access point 106 A overlaps a transmit region of another
access point 106 1n the system 100 when using the standard
power level. In block 206, the access point controller 108
determines a transmission power for the base access point
106A. For example, the access point controller 108 may
reduce the transmission power of the base access point 106 A
based on the transmission region overlaps. If the transmis-
sion region overlap for the base access point 106A 1s too
large, the access point controller 108 may reduce the trans-
mission power of the base access point 106A 1n block 206.
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After determining the transmission power for the base
access point 106 A that does not cause too large of an
overlap, the access point controller 108 may use the trans-
mission power to 1nitiate the iterations of the AFC process
for the base access point 106 A.

FIG. 3 1s a flowchart of an example method 300 per-
formed 1n the system 100 of FIG. 1A. In particular embodi-
ments, the access point controller 108 performs the method
300 to determine a suitable margin of error for the AFC
processes for the access points 106 1n the system 100.

In block 302, the access point controller 108 performs a
first iteration of AFC for a base access point 106 A. The
access point controller 108 may initiate the first iteration of
AFC using the geospatial coordinates 124 and/or the height
126 of the base access point 106 A. Additionally, the access

point controller 108 may supply an initial margin of error
128 A for the first 1iteration of AFC. In block 304, the access

point controller 108 performs a second iteration of AFC for
the base access point 106 A. The access point controller 108
initiates the second iteration of AFC using the geospatial
coordinates 124 and/or the height 126 of the base access
pomnt 106. The access point controller 108 also supplies a
second margin of error 128B to initiate the second 1teration
of AFC. The second margin of error 128B may be greater
than the 1nitial margin of error 128A. In some embodiments,
the access point controller 108 also uses the transmission
power of the base access point 106 A that was determined
using the method 200 described 1n FIG. 2 to perform both
iterations of the AFC process.

The access point controller 108 receives the results of the
first and second 1terations of AFC. The results for the first
iteration of AFC may indicate a number of channels 130A
and a power budget 132 A that the base access point 106 A 1s
allowed to use. The results of the second iteration of AFC
may indicate a number of channels 130B and a power budget
132B that the base access point 106A 1s allowed to use. In
block 306, the access point controller 108 determines a
difference 134 1n the results of the iterations. For example,
the difference 134 may be a difference 1n the number of
channels 130 between the two sets of results (e.g., by
subtracting the number of channels 130A from the number
of channels 130A) and/or a diflerence 1n the power budgets
132 1n the two sets of results (e.g., by subtracting the power
budget 132B from the power budget 132A).

In block 308, the access point controller 108 determines
whether the difference 134 exceeds a threshold 136. If the
difference 134 exceeds the threshold 136, the access point
controller 108 determines that the margin of error 128B was
too high. In response, the access point controller 108 reduces
the margin of error 128B, but keeps the margin of error
128 A at the same value, and returns to block 304 to perform
another iteration of AFC using the reduced margin of error.
As a result, the access point controller 108 may reduce the
difference 134 below the threshold 136. The access point
controller 108 continues to perform iterations of the AFC
process with adjusted margins of error until the access point

controller 108 determines a suitable margin of error that
reduces the difference 134 below the threshold 136. If the

difference 134 meets or falls below the threshold 136, the
access point controller 108 assigns the margin of error 1286
to the access points 106 1n the system 100. When the access
point 108 subsequently imitiates the AFC process for the
access points 106 i1n the system 100, the access point

controller 108 uses the suitable margin of error determined
in blocks 302, 304, 306, 308 and 310. As a result, the access

point controller 108 mitiates AFC for the other access points
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106 and the system 100, even though the geospatial coor-
dinates and/or heights of the other access points 106 may not
be accurately known.

In summary, an access point controller 108 coordinates an
AFC process for several access points 106 deployed across
an environment. The access point controller 108 performs an
iterative AFC process using the geospatial coordinates 124
and height 126 of one of the access points 106 1n the network
(e.g., an access point 106 near a boundary of the space or
area). The access point controller 108 adjusts a margin of
error 128 for the geospatial coordinates 124 and/or the
height 126 during each iteration. The access point controller
108 analyzes the results of each iteration to determine an
acceptable margin of error 128. For example, the access
point controller 108 may determine how the AFC results

change as the margin of error 128 1s adjusted. If a diflerence
134 between the AFC results does not exceed a threshold
136 with adjustments in the margin of error 128, then the
access point controller 108 may use the larger or largest of
the margins of error 128 to perform AFC for the other access
points 106 in the network. The increased margin of error 128
allows AFC to be performed even when the geospatial
coordinates 124 and/or heights 126 of the other access points
106 are approximated or not accurately known. Stated
differently, the access point controller 108 determines a
margin of error that can be used mm AFC across the envi-
ronment without changing the AFC results beyond a thresh-
old 136.

In the current disclosure, reference 1s made to various
embodiments. However, the scope of the present disclosure
1s not limited to specific described embodiments. Instead,
any combination of the described features and elements,
whether related to different embodiments or not, 1s contem-
plated to implement and practice contemplated embodi-
ments. Additionally, when elements of the embodiments are
described 1n the form of ““at least one of A and B.” it will be
understood that embodiments including element A exclu-
sively, including element B exclusively, and including ele-
ment A and B are each contemplated. Furthermore, although
some embodiments disclosed herein may achieve advan-
tages over other possible solutions or over the prior art,
whether or not a particular advantage 1s achieved by a given
embodiment 1s not limiting of the scope of the present
disclosure. Thus, the aspects, features, embodiments and
advantages disclosed herein are merely illustrative and are
not considered eclements or limitations of the appended
claims except where explicitly recited 1n a claim(s). Like-
wise, reference to “the invention” shall not be construed as
a generalization of any inventive subject matter disclosed
herein and shall not be considered to be an element or
limitation of the appended claims except where explicitly
recited 1n a claim(s).

As will be appreciated by one skilled in the art, the
embodiments disclosed herein may be embodied as a sys-
tem, method or computer program product. Accordingly,
embodiments may take the form of an enfirely hardware
embodiment, an entirely software embodiment (including
firmware, resident soitware, micro-code, etc.) or an embodi-
ment combining software and hardware aspects that may all
generally be referred to herein as a “circuit,” “module” or
“system.” Furthermore, embodiments may take the form of
a computer program product embodied 1n one or more
computer readable medium(s) having computer readable
program code embodied thereon.

Program code embodied on a computer readable medium
may be transmitted using any appropriate medium, includ-
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ing but not limited to wireless, wireline, optical fiber cable,
RF, etc., or any suitable combination of the foregoing.

Computer program code for carrying out operations for
embodiments of the present disclosure may be written 1n any
combination of one or more programming languages,
including an object oriented programming language such as
Java, Smalltalk, C++ or the like and conventional procedural
programming languages, such as the “C” programming
language or similar programming languages. The program
code may execute entirely on the user’s computer, partly on
the user’s computer, as a stand-alone soitware package,
partly on the user’s computer and partly on a remote
computer or entirely on the remote computer or server. In the
latter scenario, the remote computer may be connected to the
user’s computer through any type of network, including a
local area network (LAN) or a wide area network (WAN), or
the connection may be made to an external computer (for
example, through the Internet using an Internet Service
Provider).

Aspects of the present disclosure are described herein
with reference to flowchart illustrations and/or block dia-
grams ol methods, apparatuses (systems), and computer
program products according to embodiments presented in
this disclosure. It will be understood that each block of the
flowchart 1llustrations and/or block diagrams, and combina-
tions of blocks in the flowchart illustrations and/or block
diagrams, can be mmplemented by computer program
instructions. These computer program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the block(s) of the flowchart illustrations and/or block
diagrams.

These computer program instructions may also be stored
in a computer readable medium that can direct a computer,
other programmable data processing apparatus, or other
device to function in a particular manner, such that the
instructions stored in the computer readable medium pro-
duce an article of manufacture including instructions which
implement the function/act specified 1n the block(s) of the
flowchart 1llustrations and/or block diagrams.

The computer program instructions may also be loaded
onto a computer, other programmable data processing appa-
ratus, or other device to cause a series of operational steps
to be performed on the computer, other programmable
apparatus or other device to produce a computer 1mple-
mented process such that the instructions which execute on
the computer, other programmable data processing appara-
tus, or other device provide processes for implementing the
functions/acts specified in the block(s) of the flowchart
illustrations and/or block diagrams.

The tlowchart illustrations and block diagrams in the
Figures illustrate the architecture, functionality, and opera-
tion of possible implementations of systems, methods, and
computer program products according to various embodi-
ments. In this regard, each block in the flowchart illustra-
tions or block diagrams may represent a module, segment, or
portion of code, which comprises one or more executable
instructions for 1mplementing the specified logical
function(s). It should also be noted that, in some alternative
implementations, the functions noted 1n the block may occur
out of the order noted in the Figures. For example, two
blocks shown 1n succession may, 1n fact, be executed sub-
stantially concurrently, or the blocks may sometimes be
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executed 1n the reverse order, depending upon the function-
ality involved. It will also be noted that each block of the
block diagrams and/or flowchart illustrations, and combina-
tions of blocks i1n the block diagrams and/or flowchart
illustrations, can be implemented by special purpose hard-
ware-based systems that perform the specified functions or
acts, or combinations of special purpose hardware and
computer istructions.

In view of the foregoing, the scope of the present disclo-
sure 1s determined by the claims that follow.

We claim:

1. A method comprising:

performing a first iteration of automated frequency coor-

dination (AFC) using geospatial coordinates of a first
access point at a site and a first margin of error to
determine a first number of allowed channels for the
first access point;

performing a second 1teration of AFC using the geospatial

coordinates of the first access point and a second
margin ol error to determine a second number of
allowed channels for the first access point, wherein the
first margin of error 1s lower than the second margin of
error; and

in response to determining that a difference between the

first number and the second number meets a threshold,
istructing a second access point at the site to perform
AFC using the second margin of error rather than the
first margin of error.

2. The method of claim 1, further comprising determining,
a transmit power for the first access point based on an
overlap of a transmit region of the first access point and a
transmit region of the second access point, wherein the first
and second iterations of AFC are performed using the
transmit power.

3. The method of claim 1, further comprising instructing,
the second access point to perform AFC using the geospatial
coordinates of the first access point.

4. The method of claim 1, wherein the threshold 1s based
on one of a map of the site or a distance between the first
access point and the second access point.

5. The method of claim 1, wherein the first access point
1s closer to a border of the site than the second access point.

6. The method of claim 1, further comprising performing
a third iteration of AFC using the geospatial coordinates of
the first access point and a third margin of error to determine
a third number of allowed channels for the first access point,
wherein the third margin of error 1s higher than the second
margin of error, and wherein the second 1teration of AFC 1s
performed 1n response to determining that a difference
between the third number and the first number does not meet
the threshold.

7. The method of claim 1, further comprising instructing,
a user to set a margin of error for when a third access point
at the site performs AFC.

8. An apparatus comprising;

a memory; and

a hardware processor communicatively coupled to the

memory, the hardware processor configured to:

perform a first 1teration of AFC using geospatial coor-
dinates of a first access point at a site and a first
margin of error to determine a first number of
allowed channels for the first access point;

perform a second iteration of AFC using the geospatial
coordinates of the first access point and a second
margin of error to determine a second number of
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allowed channels for the first access point, wherein
the first margin of error 1s lower than the second
margin of error; and

in response to determining that a difference between the
first number and the second number meets a thresh-
old, instruct a second access point at the site to
perform AFC using the second margin of error rather
than the first margin of error.

9. The apparatus of claim 8, the hardware processor
turther configured to determine a transmit power for the first
access point based on an overlap of a transmit region of the
first access point and a transmit region of the second access
point, wherein the first and second iterations of AFC are
performed using the transmit power.

10. The apparatus of claim 8, the hardware processor
further configured to instruct the second access point to
perform AFC using the geospatial coordinates of the first
access point.

11. The apparatus of claim 8, wherein the threshold 1s
based on one of a map of the site or a distance between the
first access point and the second access point.

12. The apparatus of claim 8, wherein the first access
point 1s closer to a border of the site than the second access
point.

13. The apparatus of claim 8, the hardware processor
further configured to perform a third iteration of AFC using
the geospatial coordinates of the first access point and a third
margin ol error to determine a third number of allowed
channels for the first access point, wherein the third margin
of error 1s higher than the second margin of error, and
wherein the second iteration of AFC 1s performed in
response to determining that a difference between the third
number and the first number does not meet the threshold.

14. The apparatus of claim 8, the hardware processor
turther configured to instruct a user to set a margin of error
for when a third access point at the site performs AFC.

15. A method comprising:

performing a first iteration of AFC using a first margin of

error to determine a first number of allowed channels
for a first access point;

performing a second iteration of AFC using a second

margin ol error to determine a second number of
allowed channels for the first access point; and

in response to determiming that a difference between the

first number and the second number meets a threshold,
istructing a second access point to perform AFC using
the second margin of error rather than the first margin
of error.

16. The method of claim 15, wherein the first margin of
error 1s lower than the second margin of error.

17. The method of claim 15, wherein the first and second
iterations of AFC use geospatial coordinates of the first

access point.

18. The method of claim 17, further comprising instruct-
ing the second access point to perform AFC using the
geospatial coordinates of the first access point.

19. The method of claim 15, wherein the threshold 1s
based on one of a map or a distance between the first access
point and the second access point.

20. The method of claim 15, wherein the first access point
1s closer to a border of a site than the second access point.
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